Background: In Brazil, due to the rapid increase in programmes for the prevention of mother-to-child transmission (PMTCT), routine programme data are widely available. The objective of this study was to assess the utility of programmatic data to replace HIV surveillance based on the antenatal care (ANC) surveillance survey (SS). Methods: We analysed ANC SS data from 219 maternity service clinics. PMTCT variables were extracted from the ANC SS data collection form, which allowed us to capture and compare the ANC SS data and PMTCT HIV test results for each pregnant woman who completed the ANC SS. Both the PMTCT programme and the ANC SS tested for HIV using sequential ELISA and western blot for confirmation. We assessed the completeness (% missing) of the PMTC data included in the ANC SS.
Background
Brazil has a stable HIV/AIDS epidemic at the country level that is concentrated in key populations [1] . The adult prevalence is estimated to be 0.38% at the national level [2] , although it displays distinct regional HIV burdens and trends [1] .
The Brazilian government has conducted periodic and anonymous probability sample surveys to determine the HIV prevalence among parturient women using public sector maternity services since 1996. [2] [3] [4] [5] [6] [7] [8] . Data from these surveys are used to monitor HIV trends in pregnancy and are applied as a proxy to estimate the prevalence of HIV among adults in the general population [9] . Moreover, these data are used to make projections about HIV incidence that are helpful to allocate resources and to evaluate the effectiveness of the surveillance system for identifying HIV cases among this population [10, 11] .
In Brazil, each antenatal (ANC) HIV surveillance survey (SS) tested parturient women tested for HIV [3, [5] [6] [7] , except in 2006, during which time the HIV prevalence was calculated from routinely collected data at facilities at the local level [4] . PMTCT variables were collected through a specific form, and the results of the ANC SS indicate that the HIV national prevalence rate has remained stable, at approximately 0.4%, although the testing of pregnant women has increased from 52% [3] to 86.6% [2] .
In Brazil, the PMTCT programme is integrated into the ANC services. The PMTCT national protocol recommends the testing of all pregnant women using sequential points-of-care (POC) for syphilis and HIV testing and counselling during the first ANC visit or during the first trimester [12] . Pregnant women whose HIV tests are non-reactive are considered HIV-negative, but they are tested again during the third trimester. When a positive HIV result is confirmed, women are initiated on antiretroviral drugs after being referred from the ANC programme to the ART care settings [12] . Before the implementation of POC testing as part of the ANC services in 2012 [13] , the PMTCT HIV diagnostic algorithm used fourth-generation ELISA data confirmed by western blotting [14] . ANC coverage in Brazil is high (98.5%); therefore, women who attend ANC are considered representative of all pregnant women in the country [2] .
As a result of an increase in PMTCT strategies, Brazil has considered transitioning to the use of routinely collected HIV testing data to estimate the HIV prevalence among pregnant women. High-quality routinely collected PMTCT programme data could supplement or replace traditional ANC SS at a significant lower operational and monetary cost.
The World Health Organization (WHO) recommends assessing five core elements of PMTCT programme data and quality before a successful transition from ANC SS to surveillance using routine antenatal HIV testing can be considered [15] . These elements are as follows: (1) agreement between ANC SS and routine antenatal HIV test results; (2) magnitude of selection bias inherent in PMTCT-based HIV estimates; (3) the coverage of PMTCT routine HIV testing services at ANC SS sites; (4) the quality of a minimum set of surveillance variables in routinely collected programme records; and (5) quality assurance practices of HIV testing at ANC sites.
To assess Brazil's readiness to use routinely collected antenatal HIV testing data for ANC based surveillance, we conducted a cross-sectional evaluation in all ANC sites participating in the 2010-2012 round of ANC SS.
Methods

Study design
The analysis of existing data collected through the ANC SS to assess the utility of PMTCT programme data for surveillance among pregnant women had two components.
The first component consisted of a comparison of ANC SS HIV test results and prevalence estimates with those obtained from routine PMTCT HIV testing during the same period. With respect to the PMTCT, the first HIV test conducted during the pregnancy was considered, and the PMTCT variables were extracted from the ANC SS data collection form. This method allowed us to capture and compare ANC SS and PMTCT HIV test results for each pregnant woman sampled by ANC SS to quantify PMTCT HIV testing uptake and explore potential bias in PMTCT-based HIV prevalence estimates.
The second component was consistent with the assessment of the completeness of routine PMTCT data collected during the ANC SS period as determined based on the proportion of missing data.
Study sites and study population
The study sites included in this assessment included 219 public maternity services across the country that participated in the ANC SS between October 2010 and 2012.
The study population consisted of all women who participated in the ANC SS. This survey prospectively enrolled pregnant women admitted for delivery who were between 15 and 49 years of age and had signed a written consent form to participate. From this study population, the current assessment included parturient women who had tested for HIV in the ANC SS. In the component aimed to compare HIV testing between the ANC SS and PMTCT programme data, data from women with both test results were analysed. Women with no PMTCT were excluded from the analysis. Furthermore, with respect to the PMTCT data quality assessment component, we analysed data from all participating parturient women who had been HIV tested as part of the ANC SS.
Sampling strategy of the ANC HIV SS
The ANC HIV SS consisted of an estimated probability sample of 40,000 parturient women (8000 in each region) recruited at maternity public services from the Unified Health System (Sistema Único de Saúde, SUS) in Brazil. Maternity service wards offer health services for women in labour or delivery. A stratified two-stage cluster sampling design was used. In the initial stage of sample selection, a random sample of 219 public hospital maternity service wards with at least 500 deliveries in 2007 were considered the primary sampling unit. Maternity services were stratified according to each region (north, northeast, southeast, south, and central-west) and the population size of the municipality (< 50,000; 50,001 to 400,000; and ≥ 400,001 inhabitants) where each service was located. In each stratum, 15 public hospital maternity service wards were selected by a probability proportional to the number of admissions for delivery in 2007. In the second stage, within each maternity ward, a sample of 180 to 200 pregnant women were randomly selected upon admission for delivery.
HIV ANC SS testing
For each parturient woman who consented to participate in the ANC survey, health workers collected eight drops of blood from a finger prick using S&S 903 sample collection cards (Schleicher & Schuell BioScience, Keene, NH, USA). The dried blood spot (DBS) samples were sent by mail in Zip-lock plastic bags with desiccant silica to the HIV/AIDS Research Laboratory of the Caxias do Sul University and stored at room temperature. The DBS samples were tested using an enzyme-linked immunosorbent assay (ELISA) (Q-Preven HIV 1+2 DBS, Symbiosis Diagnóstica, Leme, Brazil). All positive results were confirmed with a second ELISA and Western blot analysis (DAVIH-BLOT, Laboratorios DAVIH, La Habana, Cuba). Though the test results were not returned to the participants, they could retrieve their results online using a specific study number. Those who tested positive were referred to the nearest health care centre for counselling and for appropriate follow-up care.
Extraction of PMTCT variables using the ANC SS data collection form
Sociodemographic and PMTCT variables were extracted from the ANC SS data collection form. During the ANC SS, trained health care workers completed an SS data collection form by abstracting information from the mother's ANC card and register and by interviewing the participants using a structured questionnaire. Data were automatically recorded using the TeleForm 10.2 software (Cardiff Software Inc., Solana Beach, CA, USA). The extracted data included the following: (1) sociodemographic variables (age, municipality of residence, educational level, and self-declared race/colour); (2) the date and number of ANC visits; and (3) PMTCT-related information about the first and second HIV and VDRL tests (performance status, date, and result).
Data analyses
Data were described using frequencies and results stratified by region. We compared estimates of the proportion of tests that were positive among pregnant women obtained from routine PMTCT data and ANC SS. For routine PMTCT data, the first HIV test performed during pregnancy was used. We calculated 95% confidence intervals (CIs) of the estimates of the proportion of tests that were HIV-positive using the exact method and adjusted standard errors for the potential of clustering on the ANC facility.
The individual-level agreement of PMTCT and ANC SS HIV testing results was calculated among all women with both test results. The positive percent agreement (PPA) and negative percent agreement (NPA) between test results were calculated using the ANC SS test as the reference. We measured the difference in prevalence between the PMTCT HIV status (R) and ANC SS (S). The absolute difference was determined as (R-S), whereas the relative difference was calculated as (R-S)/S.
We assessed the effect of selection bias on the HIV prevalence estimates from routine HIV testing using the percent bias or the percent change (positive or negative) from the total HIV prevalence measured in ANC SS with regard to the observed HIV prevalence in routinely tested women. This was calculated as the difference between the HIV prevalence among women sampled in the ANC SS who consented to routine HIV testing and the overall ANC SS prevalence divided by the overall ANC SS prevalence. We repeated the analysis for those with missing results in the PMTCT test and for those women with no missing results in PMTCT tests.
Two additional statistics were conducted to explore the magnitude and direction of selection bias. The first was the uptake of PMTCT HIV testing, defined as the proportion of pregnant women sampled by ANC SS who received PMTCT HIV testing defined as their first test during pregnancy. The second was the differential prevalence ratio defined as the ratio of HIV prevalence in women sampled in the ANC SS who received PMTCT HIV testing to the HIV prevalence for women sampled in the ANC SS who did not receive PMTCT HIV testing.
Because study participants were present in both the PMTCT and ANC SS groups, we considered them dependent samples. Therefore, statistical tests for the comparison of ANC SS based results and PMTCT based results could not be conducted; thus, only descriptive statistic results are presented. The completeness of various data elements included in routine PMTCT registers was estimated through the proportion of missing values.
All analyses were conducted with the complex survey functions of Stata 11 (StataCorp LP, College Station, TX, USA) and incorporated weighting, clustering (because clinics with different sizes were included), and stratification of data.
Results
Demographic characteristics of study sample Figure 1 presents the study flow chart. A total of 38,393 (96%) parturient women were enrolled in the ANC SS. Of these, 1680 were excluded (4.4%) due to the lack of municipality information, which was important for calibration of the sample, the absence of a signed informed consent form, or missing blood samples. Thus, 36,713 pregnant women receiving maternity services across Brazil were considered for the analysis of ANC SS data (Fig. 1) .
With respect to the analysis of the PMTCT data, 692 women who did not have information on whether a PMTCT was performed were excluded, resulting in the inclusion of 30,588 women. Furthermore, regarding the comparison of ANC SS and PMTCT data, we excluded 732 women who did not have PMTCT test results. Accordingly, 29,856 women had PMTCT and ANC SS test results available and were included in the comparison analysis.
Among women who underwent both HIV tests, 21.6% of were in the 15-19-year-old age group, and of these, 5.4% had not completed primary school, 24.5% lived in the southeast region, and 48.9% self-reported being of mixed race.
Agreement between ANC SS and routine PMTCT HIV test results
In total, 0.36% (95% CI: 0.27-0.47) of women had an HIVpositive result from routine PMTCT HIV testing and 0.38% (95% CI: 0.31-0.48) had a positive result from ANC SS data (Table 1) . In absolute terms, HIV prevalence was 0.02 percentage points lower when measured via routine PMTCT HIV testing than that when ANC SS HIV tests were performed on the same participants, representing a 0.05 relative decrease in the prevalence rate (Table 1) . According to demographical variables, almost all categories showed similar prevalence estimates with overlapping CIs. By region, the northern and central-western areas presented the greatest differences in prevalence rates estimates between both tests with a relative difference in prevalence of −0.98 and of 0.66, respectively.
The PPA of the ANC SS test versus the PMTCT HIV test was 84.1% (95% CI: 74.8-91.0) ( Table 2) . At the regional level, the PPA ranged from 42.9% (95% CI: 9.9-81.6%) in the north to 100.0% (95% CI: 75.0-100.0%) in the central-west ( 
Magnitude of selection bias in routine HIV PMTCT testing
In total, 86.9% of women accepted HIV testing for PMTCT. By region, the proportion was 74.8% in the north, 73.8% in the northeast, 95% in the southeast, 97.0% in the south, and 90.9% in the central-west.
The HIV prevalence based on ANC SS among those who refused PMTCT testing (n=5428) was 0.59% (95% CI: 0.38-0.91%), compared to 0.33% (95% CI: 0.25-0.44%) among non-refusers (Table 3) . Among those women missing PMTCT results (n=732), the prevalence −0.41 −0.14 was 0.48% (95% CI: 0.07-3.3%). The ratio of HIV prevalence among refusers compared to non-refusers was 0.56, whereas the ratio of HIV prevalence among women missing routine PMTCT results compared to those not missing results was 1.26. The percent bias introduced by excluding those who refused routine PMTCT testing from the sample was −10.80%, whereas the percent bias introduced by excluding those who had missing routine PMTCT test results from the sample was 26.3% (Table 3) .
Availability of PMTCT data
The completeness of the PMTCT data was high. 
Discussion
This study highlights the potential of the estimates generated by the PMTCT programme for monitoring trends in HIV/AIDS prevalence and for guiding prevention and control interventions in Brazil. When PMTCT HIV testing was the routine standard of care, consistency was found in the HIV prevalence estimates from the PMTCT programme and the ANC SS testing results. However, we observed large differences at the regional level, with the north and central-west presenting greater disparities in overall HIV estimates between the two methods. Despite a high PNA of 99.9% between individual-level test results from routine testing and ANC SS testing, the overall PPA of 84.1% suggests that additional support quality assurance of HIV testing is required before Brazil can replace the use of the ANC SS with PMTCT programme data. The expected benchmark for transitioning in countries with HIV prevalence among pregnant women of 0.5% is a PPA of 94.7% and a PNA of 99.9% [15] . By region, the PPA was particularly low in the north, a region characterized by a scarcity of technical staff and by the isolation of areas in the interior of the Amazon, which causes difficulties in the provision of quality care to people living with HIV/AIDS. Other studies also reported substantial disagreement between the two testing algorithms, with PPA at 88.5% in Mozambique [16] and 75.9% in Kenya [17] . Of concern, our PPA results suggest that approximately 16 of every 100 HIV positive women receive an HIV negative result. Only 38.2% of women have a second HIV test during pregnancy, which does not ensure that an individual receives the correct result or has access to care [2] . While Brazil has shifted towards the expansion of HIV rapid testing as part of the ANC services, several studies have emphasized issues with the HIV rapid test performance. A study evaluating the ability to perform HIV testing of community healthcare workers (HCWs) in the Amazonas revealed that workers interpreted only 55.8% of HIV and syphilis reference samples correctly [18] . The national external quality assessment programme was rolled out in 2011 to ensure the quality of HIV rapid testing using the dried tube specimens (DTS) method programme [19] . Although this study was conducted in the Amazonas state and may not be representative of the rest of the country, these results highlight the need for continual evaluation and retraining to improve the correct interpretation of test results.
We report an uptake of the PMTCT HIV test of 86.9%, which was slightly lower than desirable for considering PMTCT high testing uptake (90%). This may be partly explained by the ability to optout of HIV testing in the PMTCT programme, which was implemented in 2002 [20] . Nevertheless, we noted regional variations, particularly in the north and northeast of the country, where HIV testing uptake was too low to consider PMTCT data representative of all ANC attendees. Overall selection bias in the PMTCT programme data was borderline (−10.80%) with the threshold established by WHO (from 10 to −10%), i.e., HIV estimates would have decreased by 10.8 percentage points if the results from those who refused HIV testing during PMTCT were removed. This finding indicates that some bias in the prevalence of HIV exists in this survey due to non-acceptance of HIV testing among pregnant women. Overall, there were only 732 women who were missing rapid test results who did not have a documented refusal of the HIV PMTCT test. Interestingly, the HIV prevalence in these women was higher than in those who were not missing results. It is possible that this group included women with known status. The exclusion of these women from the system would increase the HIV estimates by 26.3 percentage points.
The availability of PMTCT data in ANC registers was high with over 90% of the reports with syphilis and HIV testing results. However, reported HIV status at clinic entry, which is a key variable, was not available. In addition, the availability of some variables, such as gravidity, parity, and occupation, were not collected and could not be evaluated. Previous evaluations of the quality of PMTCT data that are routinelly collected presented inconsistent results. In some studies the level of completion of routine data at ANC sites was high [21] . However, other studies underscored data quality limitations in ANC surveillance sites, including the lack of key variables, such as HIV status at enrollment in PMTCT registers [17, [22] [23] [24] .
This study has specific limitations. PMTC HIV testing is conducted during pregnancy as part of the ANC services and thus at an earlier stage than ANC SS HIV testing, which is conducted in parturient women during maternity service, i.e., labour and delivery. This difference in when the tests are conducted can affect comparisons. Accordingly, for comparison purposes, we selected the first HIV test performed during pregnancy because its uptake was higher (86.9%) than the uptake of the second pregnancy HIV test (38.2%). We did not evaluate health facility testing, and we had insufficient information on the stock of rapid HIV test kits and quality assurance at sites. An evaluation conducted in the state of Ceará showed that 62.5% of prenatal care services at the primary health care level had rapid HIV testing available, and only 37.5% were performing it [25] , suggesting the need to strengthen supply chain management and highlighting that rapid HIV testing is not integrated into routine practice. Health service characteristics and management can also affect whether a woman receives a rapid HIV test [26] . We did not assess record keeping practices, which are relevant to understanding how uniform the registers and reporting formats are and to emphasize measures to improve its standardization. In Brazil, prenatal cards are standardized although they vary across regions, which brings heterogeneity to data collected for PMTCT.
Conclusions
In conclusion, there were consistent results between HIV prevalence from PMTCT data and ANC SS. Despite high NPAs between individual level test results from routine testing and ANC SS for the same patient, the overall PPA was lower than the WHO benchmark for a high level of agreement between the two tests. Testing uptake was slightly lower than the WHO requirement, incurring some selection bias in test acceptance. We also noted the absence of key variables, such as HIV status at booking. Taking these results into account, Brazil must continue to reinforce the quality of PMTCT data collection and of onsite HIV testing in preparation for replacing ANC SS data with PMTCT data for surveillance purposes. Since the last ANC SS was conducted, the Stork Network Initiative has strengthened ANC and expanded the distribution of HIV and syphilis rapid testing among the ANC services [13] , which can affect the quality of PMTCT data.
Future comparisons between PMTCT and ANC SS results are recommended before transitioning to an HIV surveillance system based solely on programmatic data. Nevertheless, some regions with better PMTCT data results could be prioritized and pilot the use of PMTCT data for surveillance. Brazil will incorporate HIV testing in the National Survey of Knowledge, Attitudes, and Practices (PCAP), a probability sample survey that collects detailed information on sexual health, HIV status, and other sexually transmitted infections (STIs) among the Brazilian population. This will complement the availability of national HIV estimates of the general population. Upcoming PMTCT data assessments must be more comprehensive and include issues related to HIV testing quality assessment to ensure that the supply of test kits and logistics do not bias results if test kits are not available. In addition, it will be relevant to assess the quality of PMTCT data and to better understand the record keeping practices necessary to improve the standardization of PMTCT reports and optimize monitoring and evaluation. In fact, PMTCbased surveillance data also benefits from training, supervision, and standardization of procedures, an endeavour previously performed for ANCC SS. Finally, the inclusion of a cost-effectiveness component may provide relevant data on savings for the national HIV programme when ANC SS can be substituted and efforts are directed towards generating quality PMTCT programme reports. 
